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SUMMARY 
1. Considerable variation in oxygen consumption is found 
even with oats of low moisture content. 
2. Heating of oats in well insulated flasks is negligible when 
the moisture is below 15.00 percent. 
3. Oats with the moisture content above 15 .00 percent, heated 
as the moisture content was increased up to 24.00 percent, at 
which point the maximum heating was reached. When the mois-
ture content was increased beyond 24.00 percent a gradual but 
irregular falling off in heating was noted. 
4. Oats with a moisture content of 40.01 percent consumed 
the greatest quantity of oxygen, whereas the maximum heat 
production was recorded in oats having 24.00 percent moisture. 
5. There is a general tendency for respiration to increase with 
the moisture content up to the optimum, although there is con-
siderable variation. A difference of 20.65 DC. was noted for 
samples of similar moisture content. 
6. High temperatures which developed in moist grain during 
self heating lowered the vitality of the seed. A sample with a 
maximum temperature of 47.71 DC. germinated S percent; in 
another case oats with similai' moisture content reached a maxi-
mum temperature of 27.06 DC. and germinated 79 percent. 
7. Dry grain is injured less by high temperatures than is 
moist grain. Air-dry oats subjected to a temperature of 65 DC. 
for 3 hours germinated 91 percent; oats with 22.23 percent mois-
ture, treated similarly, failed to germinate. 
S. The following microorganisms were isolated from samples 
taken from four of the Dewar flasks. Aspergilltts niger, A. flavus, 
Rhizopus sp., Fusm·ittm sp., Penicillium sp. and several species 
of bacteria. 
9. The irregularities in oxygen consumption and temperature 
are probably due to variation in the fungal flora of different 
seed lots. This work confirms the pure culture work with refer-
ence to the influence of fungi in the heating of stored grain. 
The Relation of Moisture to 
Respiration and Heating 
in Stored Oats l 
By A. L. BAKKE A~D N. L. NOECKI':R2 
The moisture content of grain has much to do with its keep-
ing quality in the bin. This relation varies with the condition 
of the grain concerned. It has been shown in an earlier publi-
cation by Burnett and Bakke (5) that oats can be stored with-
out heating when the moisture content does not exceed 15 per-
cent. The source of this heating is respiration, a process which 
occurs in all living plant tissue. With oats or other grain in 
ordinary storage, not only the respiration of the grain itself, but 
the respiration of the microorganisms carried in and on the seed 
need to be considered. Opinion is divided as to the source of 
heat in stored seeds. 
Kolkwitz (10) showed experimentally that there was a 
marked increase of carbon dioxide production in stored barley 
as the moisture content was raised. A moisture content be-
tween 15 and 16 percent was required for appreciable increase 
in carbon dioxide production. Quam (18) placed oat seeds 
in a container and collected CO2 every fifth day. Oats 'with a 
moisture of 9.16 percent produced on an average 0.0590 grams 
CO2 per kilo, while those having a moisture content of 18.64 per-
cent formed 5.7836 grams. He called attention to the damage 
to germination produced and loss of material through increased 
oxidation. 
Bailey (1) and Bailey and Gurjar (2), working with wheat, 
state that the moisture content is one of the determining factors 
in respiration. They also found that shriveled wheat has a high-
er respiratory rate than well-filled grain. As shriveled wheat 
has a greater amount of space given to the embryo than plump 
kernels, they attribute this increased CO 2 elimination by the 
shriveled grain to the larger proportion of embryo material in 
wheat of the given amount. Stoward (19) states that the em-
bryo generates one-sixth of the tot a 1 carbon dioxide of the seed 
and that wound stimuli may be partly responsible for the great-
er respiration in isolated embryos. Lyon (12), on the other 
hand, compared the rate of carbon dioxide production of em-
1 PToject No. 87 of the Iowa Agricultural Experiment Station. 
, The authors are indebted to Dr. I. E. Melhus for his assistance. He suggested the 
problem and read the manuscript critically during its preparation . 
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bryo-less wheat seeds with th3:t of nOl'mal seeds and found under 
sterile conditions that the ratio of carbon dioxide pl'oduction 
from these seeds to that of normal seeds was 22.1 to 26.5 mgs., 
in a six-day test. 
Miehe (13 ) as early as 1907 called attention to certain micro-
organisms associated with hay undergoing heating. Later he 
(15) inoculated sterile hay with pure cultures of molds and 
bacteria and was able to produce high temperatures. Peirce 
(17) and later Darsie, Elliott and Peirce (6) recognized that 
microorganisms had much to do with rise in temperature of 
seeds in closed containers. James, Rettger and Thom (8) ob-
tained a temperature of 51 0 C. on sterilized corn . In 1930 con-
tributions from three different laboratories, Miehe (14) in Ger- • 
many, Norman (16) in England, and Gilman and Barron (7) in 
the United States, showed thermogenesis to be an attribute of 
several species of fungi common to stored grains and other or-
ganic substrates as hay and straw. 
,Vhether heating in grain is due to respiration within the seed 
or to microorganisms associated with the substrate, there still 
remains a significant problem in practice, namely: the respira-
tory changes which may take place in stored grain under vary-
ing conditions of moisture. The present investigation, involv-
ing oats of different moisture contents, is an attempt to ascer-
tain the extent of respiration in stored oats by determining the 
oxygen consumed and the heat produced. 
MATERIALS AND METHODS 
The oats used in the respirometers for oxygen determination 
were obtained from Prof. A. Akerman, Director of the Grain 
Breeding Station at Svalof, Sweden. They were of the" Seier" 
variety, and had been harvested the previou.s season. The mois-
ture content was 14.64 percent. The oats used in determining 
the extent of heating were No. 4-100, grown at the Iowa Agricul-
tural Experiment Station the previous season; the germination 
was 95 percent. 
The extent of respiration in the oats of varying moisture con-
tent was measured by the Krogh (11) type of respirometer as 
modified by Boysen-Jensen (3). 
Triple-walled silvered Dewar bulbs of approximately 660 cc. 
capacity were used in the heat measurements. The flasks used 
in the present investigation were secured from H. StruCl's 
Chemiske Laboratorium of Copenhagen, Denmark. 
As the flasks were buoyant even when filled with g-rain it 
became necessary to construct a special metal rack to hold them 
in place. When the flasks were inserted only a centimeter of 
the neck projected above the water surface of the bath. In 
order to restrict evaporation, with its cooling effect, the top of 
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the bath was covered with maize wood. Holes bored through 
the covering permitted insertion and withdrawal of the ther-
mometers when readings were made. 
In order to increase the moisture capacity to a point approxi-
mate to that desired it was necessary to add water. One 
hundred fifty grams of oats were placed in Erlenmeyer flasks, 
along with the desired amount of water. The flasks were tightly 
stoppered and shaken from time to time for 2 days; on the 
following day the seeds were placed in a moist chamber in an 
incubator held at 25°C. for 24 hours, in order to have the 
grain the same temperature as the bath. A small vial containing 
a NaOH solution was inserted in the center of the container to 
absorb the CO2 given off. At the end of the tempering period 
a small portion of the sample was used for dctermining the 
moisture content. The oats used for the heating tests were 
transferred quickly to the Dewar flasks which had been 
thoroughly cleaned. The flasks were stoppered and ther-
mometers introduced so that, in all cases, the bulb was as near 
the center of the mass of grain as possible. Temperatures 
were recorded soon after the oats had been placed in the flasks 
and were taken at frequent intervals until the termination of 
the experiment. All samples were allowed to reach a maximum 
temperature, after which the seeds were removed from the flasks 
and germination tests made. 
No effort was made to change the oxygen supply of the grain 
used in the heating experiments, since in ordinary farm storage 
no such provision is made. 
EXPERIMENTAL 
OXYGEN CONSUMPTION OF OATS IN STORAGE 
KROGH METHOD,B AS MODIFIED BY BOYSEN-JENSEN 
A weighed sample of oats varying from 2 to 10 grams de-
pending upon the moisture content and the size of the respiro-
meter was placed in one of the containers of the respirometer. 
A quantity of glass beads to compensate the volume was placed 
in the other container. Each container was provided with a 
stender dish of approximately 10 cc. capacity, carrying foul' 
layers of filter paper saturated with a 4/ N NaOH solution. 
The ground glass stoppers were carefully adjusted with vacuum 
wax after which the chambers were firmly attached to the 
frame of the respirometer. Further protection was facilitated 
by use of a support of thin brass for the glass containers, which 
3 During the spring and summer of 1929 the senior author was given a leave of ab-
sence fronl Iowa State College and was afforded the privilege of spending some time in 
the laboratory of Plant Physiology of the University of Copenhagen, Copenhagen, Den-
mark. It is with plf'asul'e that he extends his thanks to the Director, Professor Dr. P. 
Boysen-Jensen and his assistant, Dr. Detlev Maller. 
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in turn was attached to the manometer arm by means of brass 
springs. The whole apparatus was inserted into a constant-
temperature bath maintained at 25°C. The two stop cocks 
were left open until the temperature of the apparatus had be-
come that of the bath; when readings were to be made, the 
stop cocks were closed. Each experiment involved the following 
computation: 
100 grams oats + 20 grams water 
Wt. of oatFi and container 
W t. of con tainer 
Wt. of oa's usE'd 
Moisture content - 28.91 percent. 
28 .9070 grams 
18.8660 " 
10.0140 
Manometer readings Rate per hour 
Time cu. mm. 
Left Right 
10:30 a.m. 112 (Initial or zero) 114.0 
11:00 154 67.4. 176.2 
II :30 153 68.0 174.0 
1:30 p.m. 113 (Initial or zero) 
2:00 154 67.5 173 .0 
2:15 112 (Initial) 114.0 
2:45 154 67.2 177 .6 
2:55 152 69.5 171 .0 
3:30 151 71.0 170 .0 
Average 173 .65 
10 grams of oats consume 173.65 cu. mm. per hour. 
I mm. == 2.66 cu. mm. oxygen consumption,. 
This is equivalent to a consumption of 460.91 cu. mm. per 10 
grams of oat seeds with a moisture capacity of 28.91 percent. 
'On the basis of 10 grams of dry material this value becomes 
594.15 cu. mm. 
The constant, 2.66, is determined accordingly: 
Vol. E (respiratory chamber) 
Manometer 
Seeds 
Vol. E 
=46 .8727 grams 
.33 " 
10.0000 
=37.2027 
Vol. F (compensating ohamber) 
=42.5889 grams 
.33 " 
Beads 10 .0000 
Vol. F =32 .9789 " 
37 .2027 +32 .9798 70. 12 
0 . 132 x =0.132 x --=0.141 mm.' 
2 +32.91R9 65 .84 
Ap. = 37 .2027 x 10' x 74 X 10-' =275 mm.' 
273 
2 .75.-+0 141=2.52mm.' 
298 
2.52 mm.'+0.141 mm.'=2.66 mm.' 
vVhen quantities other than 10 grams of oats are used it be-
comes necessary to change the factor to correspond with the 
change in volume. 
Recently War burg (21) has recommended using Brodie's (4) 
solution in the manometer. The solution consists of a 0.5 per-
cent solution of bile salt (sodium choleate) in which a little 
toluol is dissolved. The sodium choleate solution is added until 
the specific gravity is 1.034. If desired a little pigment may be 
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added. Tang (20) has used this solution in his study of the 
oxygen consumption of the germinating seeds of Lupinus alb1~s 
and Zca mays. Vlarburg in a personal communication suggests 
using the following solution: 23 grams sodium chloride, 5 grams 
sodium choleate, 500 cc. distilled water. As a disinfectant a little 
concentrated alcoholic solution of thymol is added. In the present 
investigation kerosene, as originally recommended by Krogh, was 
employed. 
The data secured in determining the oxygen consumption of 
oats with different percentages of moisture by use of the Krogh 
type of respirometer as modified by Boysen-Jensen (3) haye 
been tabulated in table I and presented graphically in fig'. 3. 
The 37 experiments which have been made include the following 
data: the weight of the seeds, the percentage of moisture, the 
dry matter content, the cubic millimeters of oxygen used per 
hour, by 10 grams of dry weight and 10 grams fresh4 weight. 
The data in table I , fig. 1 show that there was a gradual in-
crease in the respiration of oats as the moisture content was in-
creased, ranging from 0.915 cubic millimeters of oxygen consump-
tion per 10 grams dry matter where the moisture content was 
14.31 percent, to 1339.11 cubic millimeters for the same amount 
of oats when the moisture content was 40.01 percent. It is clear 
that the rate is low when the moisture content is low. At the 
air-dry point, 14.25 percent moisture, the oxygen consumption 
per 10 grams dry material per hour was 3.11 cubic millimeters. 
4 Fresh weight 'is calculated from the initial moisture content of the oats when 
placed in the respirometer. 
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Fig. 1. Relation between the moisture content of oats and respiration as measured 
by oxygen consumption where 10 g rruns of water·free material were used. 
TABLE 1. DATA SHOWING THE RELATION BETWEEN MOISTURE CONTENT AND OXYGEN CONSUMPTION IN OATS. 
Weight Average Millimeters Cu. mm. Cu. mm. Oxygen 
of Percent Dry reading per hour oxygen per hr. oxygen per hr. factor 
Number Date seeds moistw'c matter per hr. pcr 10 grams per 10 grams per 10 grams 1 mm.= 
grams content (mm.) fresh wt. fresh wt. dry wt. ou, mm. 
----
34 June 13 8 . 1007 14.23 8.577 1.5 1.85 2.67 3.11 1.441 
16 May 23 10.149 1431 8.569 0.40 0 .394 0.800 0.915 2.001 
1 May 2 10.001 14.46 8.554 1.6 1.6 4.26 4.98 2.66 
31 June 10 7.9865 14.57 8.62 1.15 2.08 3 .00 3.48 1.441 
29 June 7 5.115 15 .69 8.430 1.20 2.35 3.87 4.59 1.6466 
30 June 8 8.0120 16.34 8.370 1.50 2.72 3.02 4.68 1 .4411 
15 May 20 10.130 16 .82 8.318 3.86 3.32 6 .64 7.98 2.001 
4 May 7 10.0045 17.46 8.251 16 .5 HL5 43.89 53.20 2.66 
26 . June 4 5.0489 17 . 55 8.240 6.00 11 .88 19 .5.5 23.73 1.6466 
14 May 19 10 .070 18 . 11 8.189 6.32 6 .32 12 .558 15 .34 2.001 
13 May 18 9 .9720 18.492 8.1508 11.00 11 .03 22.07 26.98 2.001 
2 May3 9.9829 18 .65 8.0640 15 .30 15.33 40.698 50.49 2.66 
25 June 3 2.0027 18 .77 8.12 4.07 20.12 37.20 45.81 1.8489 
12 May 17 5.1002 19.32 8.067 7.6 14 .90 34.81 43.15 2.336 
11 May 16 2.0400 19.34 8.066 5.6 27.45 69.78 86.50 2.542 
10 May 15 2.1770 20.58 7 .942 12 .40 56.96 144.79 182 .31 2.542 
23 May 31 5.0190 20.62 7 .940 23.96 45.96 75.64 95 .28 1.6466 
36 June 15 5.1017 20.94 8.113 24.9 48 .81 80.37 99.063 1.6466 
9 May 14 2.0150 .. 21.49 7 .851 11 .80 58.56 148 .86 189 .60 2.542 
33 June 12 2.1495 21.96 7.804 7.6 35.36 65.38 83.77 1.8489 
32 June 11 2.002 22.32 7.770 12.20 60.94 112 .67 145 .56 1.8489 
22 May 30 2.0025 22.55 7 .750 9.95 49.69 91.87 118 .54 1.8489 
8 May 13 2.003 22.97 7.7030 16.00 79.88 203.55 264.24 2.542 
7 May 11 2.0972 23.41 7.659 18 .00 85.85 218.23 284.93 2.512 
39 .Tune 18 5.010 23.59 7.641 93.0 185.63 305.66 400.02 1.6466 
(moldy) 
21 May 29 2.198 24.09 7 .830 18 .3S 83.62 154 .61 197.45 1.8489 
24 June 1 2.0597 24.37 7.560 19.40 94.19 171 .89 227.37 1.8489 
20 May 28 1.985 24.63 7 .540 16 .686 84.06 155.03 205.03 1.8489 
6 May 10 1. 9722 25.48 7.452 18 .20 92.28 231.32 310 .41 2.542 
19 May 26 2.028 25.60 7 .440 20.16 99.41 183.95 247.24 1.8489 
18 May 25 2.007 26.91 7 .309 21.34 106.33 270.29 369.81 2.542 
5 May 8 10 .041 28.91 7 .282 174.36 173 .6:; 460 .91 594.15 2.66 
35 June 14 2 0957 30.13 6.987 91.0 434.49 803.32 11 .4973 1.8489 
27 June 5 2 03.t5 30.92 6.910 81.08 398.52 736.82 1086.31 1.8489 
38 June 17 2.0&.J 31.51 6 .849 79 .60 384.73 711.32 1028.36 1.8489 
28 June 6 2.258 35.69 6.430 86.80 384 .41 710 .74 1105.35 1.8489 
37 June 16 2. 0~17 40 .01 5.999 97.44 481. 97 803.33 1339.11 1.8489 
17 May 24 2.117 45.09 5.491 51.60 243.74 619.59 1128.37 2.542 
3 May 4 9.9030 47 .76 5.224 178 .5 180 . 15 479.199 1003.35 2.66 
W 
t.:l 
01 
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In another case where the moisture content was 14.31 the oxygen 
utilized was only 0.915 cubic millimeters. With a moisture con-
tent of 14.46 percent, the oxidation rose to 4.98 cubic millimeters. 
Again when the moisture content was 14.57 percent the oxygen 
consumed amounted to only 3.48 cubic millimeters. At a mois-
ture content of 16.82 percent the oxygen consumption rose ma-
terially to 7.98 millimeters and at 17.46 percent the oxygen con-
sumption mounted to 53.2 millimeters. Throughout the entire 
series one finds considerable variation in the extent of the oxida-
tion. At the higher moisture contents the variations usually in-
crease. Going from a moisture content of 18.77 percent to 20.58 
percent, the oxygen values rise from 45.81 cubic millimeters to 
182.31 cubic millimeters; at 22.32 percent 145.56 cubic milli-
meters, while at 23.41 percent the oxygen consumption is 284.95 
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Fig. 2. Relation between the moisture content of oats and respiration as measured 
by oxygen consumption where 10 grams of material based on fresh weight were used. 
cubic millimeters. At a moisture content of 23.59 percent it is 
noted that the oxygen consumption has a value of 400.02 cubic 
millimeters. This particular sample had been tempered to a 
higher moisture content and the seed had been exposed to the 
laboratory air for some time before being dried down to the 
point given. Many of the seeds were covered with masses of 
mold. Here, then, are indications that the associated molds have 
played a very prominent role in oxygen consumption. It is rather 
significant that to produce as great an intake of oxygen as the 
moldy seeds a moisture content of 27 percent is necessary. Be-
tween the moisture content of 30.13 and 40.01 percent the great-
est respiration values are recorded. Series no. 3, with a moisture 
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Fig. 3. Relation between the moisture content of oats and respiration as measured 
by oxygen consumption where the moisture content was below 21 percent. Ten grams 
of fresh material were used. 
content of 47.76 percent, had been soaked in water 24 hours just 
prior to being placed in the respirometer. 
In oxygen consumption of oats with varying degrees of mois-
ture based upon the fresh weight, it is found that the data fol-
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low the same general plan as has been depicted for the dry 
weight. The graph, fig. 2, presents the same sort of picture. The 
variations, of course, are not so marked. 
In the actual storage of oats and small grain, as well as in 
shelled corn, the moisture contents below 20 percent are of prac-
tical importance. In order to present the relation more vividly, 
graphs (figs. 3 and 4 ) have been plotted. The scale used is 
greater than in the two previous graphs. It is noticed that. when 
the moisture content attains the 17 percent mark, respiration in-
creases very rapidly. These determinations agree very well with 
those secured by the early work of Kolkwitz (10 ) . From 17.46 
percent moisture to a moisture content of 24.63 percent the 
oxygen consumption rose from 53.20 to 205.63 cubic millimeters. 
MEASUREMENT OF HEAT GENERATED IN OATS 
In the experimental work to determine the extent of heating 
in oats of different degrees of moisture 23 different experiments 
were made. The moisture content of the grain varied from 10.60 
to 28.10 percent. No heating occurred in grain with a moisture 
content below 15.00 percent. See fig. 5. In only one case did 
grain below 15 percent moisture rise above the temperature of 
the water bath. A rise of 0.05 °C. was noted for a sample of 10.92 
percent moisture. With a moisture content above 15.00 percent, 
there was an irregular increase with a maximum rise in tempera-
ture of 22.71 °C. at 24.00 percent (fig. 6) . As the moisture con-
tent rose above 24.00 percent an irregular decrease in the maxi-
mum was noted. 
The time required to reach maximum temperature varied from 
3 hours to 13 days. A sample of 16.78 percent moisture required 
13 days to attain the maximum rise in temperature, namely 
2.57 °C., whereas a sample of 24.81 percent moisture attained its 
maximum rise of 2.06°C. in 3 hours (fig. 5 ) . 
Great variation in heating is noted in some cases in spite of 
similar moisture content. A sample of grain with moisture con-
tent of 24.00 percent rose 22.71 °C.; whereas another sample of 
24.81 percent moisture rose only 2.06°C. 
Moisture determinations showed that the percentage moisture 
of the . grain remained approximately the same throughout the 
experiment. 
These results indicate that factors other than the moisture 
content were responsible for the wide variation in temperatures. 
Viability of the grain was next studied in relation to moisture 
and temperatures. 
RELATION OF VIABILITY OF GRAIN TO HEATING 
In order to determine the relation of viability to heating in 
grain, germination tests were made for each sample as it was 
removed from the Dewar flask. 
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Fig. 5. Temperatures recorded for 150 gram samples of oats of 10.60 to 28.10 per-
cent moisture in triple-walled Dewar flasks held in water-bath,. maintained at 25°C. 
The results are tabulated in table II together with moisture 
content, maximum temperature and duration of time .required 
to reach maximum and time enclosed in Dewar flasks. 
The grain containing 15.00 percent moisture and less showed 
a germination of 91 pereent and above at the end of the experi-
ment. Grain containing a greater' percentage of moisture ranged 
from 3 to 85 percent in germination at the end of the experi-
ment. A sample of 24.00 percent moisture with a maximum 
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TABLE II . RELATION OF VISIBILITY TO MOISTURE CONTENT 
AND HEATING OF GRAIN. 
Sample Moisture Maximum Time to Time in Germin-
no. content temperature reach maximum Dewar flask ation 
percent °C. days days percent 
1 10 .60 24.65 4 6 95 
2 10 .92 2.'>.05 4 6 96 
3 10 .99 24.88 4 6 95 
4' 12.43 24.80 3 6 94 
5 13 .79 24.70 4 6 92 
6 13 . 88 24.78 3 6 91 
7 15 .00 25 .03 10 11.5 92 
8 16 .78 27.57 13 13 85 
9 20.56 31 .59 4 9 64 
10 21.43 29.30 , 4 9 70 
11 21.96 28.15 1 9 80 
12 22.83 42.44 8 8 .5 3 
13 22.87 44 .04 8 8.5 8 
14 23.17 31.30 5 5 .5 73 
15 24.00 47 . 71 5 5.5 8 
16 24.09 42 .50 4 4.3 76 
17 24.81 27.06 1/8 5 79 
18 25.17 35.20 2 4 .75 59 
19 25 .50 30.22 1 4 .3 82 
20 26 .42 40 .30 5 8 .5 3 
21 26.42 31.13 4 8 . 5 3 
22 27.87 32.50 1 4.3 60 
23 28 . 10 32.50 1 4.3 78 
temperature of 47.71 °C. germinated only 8 percent, whereas a 
sample of 24.81 percf.nt moisture, with a maximum temperature 
of 27.06°C. germinated 79 percent. In general the high maximum 
temperatures correspond to the low germination. 
To study further the effect of temperature and moisture upon 
the viability of grain, samples of variable moisture contents were 
subjected to different temperatures. The results are listed in 
table III. 
Air-dry grain was injured only slightly by exposure to a tem-
TABLE III. PERCENTAGE GERMINATION OF OATS OF VARYING MOISTURE 
CONTENTS AFTER EXPOSURE TO VARIOUS TEMPERATURES AND 
VARIOUS PERIODS OF TIME. 
TemperatureoC. Time Percent moisture Prfcent germination 
65 3 hr •. Air dry 91 
65 3 22.83 0 
65 3 .. 26.42 0 
40 1 day 22.83 86 
40 2 d~rs 22.82 . 72 
40 3 22.83 73 
40 4 .. 22.83 33 
40 5 .. 22.83 10 
40 6 .. 22.83 2 
40 7 .. 22.83 0 
40 1 day 26 .42 79 
40 2 d~rs 26.42 64 
40 3 26.42 6 
40 4 .. 26.42 0 
50 1 d~r 22.83 0 
50 1 26. 42 0 
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Fig. 6. A graph. Maximum temperatures recorded for 150 gram samples of oats 
of 10.60 to 28.10 percent moisture in triple-walled Dewar flasks held in water-bath, 
maintained at 25 Q C. 
perature of 65 °C. for 3 hours, whereas grain of 22.80 and 26.40 
percent moisture was killed by similar treatment. Grain of 22.80 
percent moisture at 40°C. for 7 days failed to germinate; grain 
of 26.42 percent moisture at 40°C. was killed in 4 days. This 
shows that viability is lowered proportionately to the increase in 
temperature, in moisture content and in time of exposure. 
Suggestions for further search of factors to explain the vari-
ability were found upon observing the germinating seeds. Molds 
appeared to be more abundant on some samples than upon others. 
(Figs. 7, 8 and .9.) A study of the microorganisms followed. 
MOLDS FOUND UPON HEATING GRAIN 
The blotters with germinating seeds were removed to the inoc-
ulating chamber where portions of the mycelia of the molds were 
removed aseptically from the kernels and transferred to sterile 
agar plates. Isolations were made from these plates and pure 
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Fig. 7. Oats on germinating blotters. Sample no. 14 with 73 percent germination 
on left; no. 15 with 8 percent germination on right. 
cultures obtained. Two molds, Aspe1'gill1ts niger Van Tieghem, 
and Rhizopus sp., and various bacteria were found. In four of 
the samples a count was made of the percentage of kernels at-
tacked by molds. 
Aspergillus nige1' was present in all cases, but to much greater 
Fig. 8. Oats on germinating blotters. Sample no. 18 wtth 59 percent germinat:on 
on left; no. 17 with ~9 percent germination en r ight. 
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Fig. 9. Oats on germinating blotters. S3.mple No. 18 with 59 percent germina-
tion, below; No. 17 with 79 percent germination above. 
extent in the samples nos. 14 and 18 than in the other two cases. 
Rhizopus sp. was present to a slight extent only, in three cases 
out of four. 
The difference in the number of kernels overgrown with molds 
may account largely for the variations in temperatures observed 
TABLE IV. MAXIMUM TEMPERATURES DEVELOPED BY MOLDS GROWING 
UPON OATS HAVING A HIGH MOISTURE CONTENT. 
No. No. No. No. 
14 15 17 18 
Mold infestation 
Percentage of kernels with Aspergillus niger 75 8 5 100 
Percentage of kernels with Rhizopus sp. 1 
-
1 2 
Percentage of moisture 23.17 24.00 24.81 25.17 
l\1aximum temperature (OC.) 31.3 47.71 27.06 35.2 
in the different samples. Sample no. 17, with 5 percent of the 
kernels infested with A. nigeT, produced a maximum temperature 
of 27.06°0., whereas sample no. 18, with all of the kernels in-
fested, produced a maximum of 35.20°0. The greater amount 
of mold corresponded rather closely to the higher temperatures re-
corded. Sample no. 15 does not fall in line since the high tem-
perature of 47.71°0. was near the thermal death point of the 
molds, and much of the mold died before the isolations were 
made. The associated organisms probably were important in the 
heating of moist grain. 
TABLE V. FU NGI ISOLATED FROM FOUR SAMPLES OF HEATING 
OATS BY SPORE SUSPENSro:-< METHOD. 
Organism No. 14 No. 15 No . 17 No. 18 
A speroillus niger + + + + 
A sper(}illus f lavus + + + + 
Rhizopus sp . + + + 
P enicillium sp. + + 
Fusarium s p. + 
Bacteria + + + + 
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To determine the organisms present in samples nos. 14, 15, 17 
and 18, dilutions of spore suspensions were plated out on sterile 
agar and incubated until ready for making isolations. From 
these isolations the organisms were identified. Aspet'gillus niger 
Van Tieghem, Aspergillus flavus Brefeld, and species of bacteria 
were found in the four samples (table V). 
Rhizopu-s sp. was found in samples nos. 14, 15 and 17. Peni-
cillium sp. was found on nos. 17 and 18. lJ'u.sat'ium sp. was present 
on no. 14. These isolations made from the spore suspensions 
verify the results of isolations made directly from the kernels, 
although they are of less value for estimating the total infestation. 
DISCUSSION 
The data given in table I show a general rise in oxygen con-
sumption for oats as the moisture content increases. No definite 
correlation is shown between the extent of heating and the mois-
ture content. Samples of oats of similar moisture content, held 
in a closed container and kept in a constant temperature bath, 
varied considerably in oxygen consumption and in maximum 
temperatures produced. With moisture content approximately 
the same, the range in Qxygen consumption was 83.77 to 189.60 
cubic millimeters whereas the rise in temperatures ranged from 
2.06 to 22.71 DC. Here, oxygen consumption doubled, while the tem-
perature rose so that it was 11 times greater in one case than in the 
other. A maximum temperature of 47.71°C. is recorded for oats 
with a moisture content of 24 percent. The oxygen consumption 
of oats of approximately this moisture content was 197.45 cubic 
millimeters per 10 grams of dry material while oats with a mois-
ture content of' 40.01 percent consumed 1339.11 cubic millimeters 
of oxygen. That there was not generally an increase in heat pro-
duction along with increased moisture content is probably due 
to the fact that no provision was made for the absorption of 
CO 2 in the Dewar bulbs. This, as pointed out previously by 
Kidd (9), may have been due to a retardation in oxidation by an 
accumulation of CO2 , In the heat studies this provision was 
purposely left out because under the usual farm grain storage 
no provision is made for aerating the grain. When molds are 
present in abundance, table 1-no. 39, oxygen consumption is high. 
The temperatures obtained by cultures contaminated with molds 
and other microorganisms showed that a great deal of heat was 
given off. 
The viability was impaired to the greatest degree in the samples 
which reached the highest temperatures. In general the highest 
temperatures were reached in the samples having the greatest 
amount of mold growth. In one case, when the moisture content 
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was 24 percent, the temperature arose to 47.71° C. Here the 
mold growth was found on only 6 percent of the kernels. In all 
probability a temperature near the maximum for mold growth 
had been reached. A longer exposure to this temperature would 
no doubt ha"e killed the remainder of the molds. 
The great variation in oxygen consumption and heat produc-
tion found in samples taken from the same lot was hardly ex-
pected. This great difference in the heat produced by oats with 
the same moisture content, especially when poorly aerated, may 
account for the' "heat-pockets" which are common in oats and 
other grain under storage where the moisture content is not 
sufficiently low. Molds and other microorganisms are associated 
with grain under storage. Optimum temperatures for mold 
growth are approximately 30 to 35°C.; optimum moisture condi-
tions exist between 24 and 40 p·ercent depending upon aeration. 
With a decreasing moisture content the respiratory activity of 
both oats and associated microorganisms is lowered. In the case 
of oats under ordinary conditions of farm storage when the 
moisture content is below 15 percent, the respiration is so small 
that the heat produced is radiated. 
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